Introduction: Variables predicting successful decannulation from a tracheotomy tube after long-term mechanical ventilation remain obscure.
Introduction
In recent years the number of tracheotomies increases in old and multimorbid patients who require mechanical ventilation due to critical illness [1, 2] . Tracheotomies have many benefits; for example, they can facilite care, improve patient comfort, increase patient mobility, and enable more effective airway suctioning [3] . Disadvantages of the procedure are perioperative complications (e.g., bleeding), long-term airway injury, cost of the procedure [4] , and in some patients swallowing dysfunctions, such as aspiration, which increase the risk of pneumonia [5] . Successfully weaning patients from a tracheotomy tube is therefore a therapeutic target of high priority, and many clinical pathways have been developed to reach this target as quickly and safely as possible [6] [7] [8] . Not all patients benefit equally from multidisciplinary decannulation pathways: A few can be decannulated very fast while others need longer or cannot be decannulated at all because of frequent or recurrent complications (e.g., pneumonia or retention of endotracheal secretions). In order to optimize decannulation procedure it is important to know which factors determine its success or failure.
Recent attempts to construct a predictive model for decannulation have had limited success [9] [10] . This could be a consequence of different decannulation-practices among facilities, but possibly also due to the great heterogeneity of tracheotomized patients [11] . However, some predictors have been described, e.g., a peak cough flow >160 l/min [12] ; sufficient airway competence with relation to high cough strength and effective management of endotracheal secretions [13] ; and peripheral muscle strength [14] . However, these predictors are difficult to ascertain in clinical practice, because they either require specific measuring instruments (e.g., peak flow meter) or cannot easily be quantified (for example, peripheral muscle strength). The present study aims to identify predictors for successful decannulation that can be gathered in a straightforward clinical routine.
Material and methods

Subjects
After approval of the study by the ethics committee of the University of Potsdam, 150 patients in a German rehabilitation clinic were enrolled over a period of 13 months (August 2011-August 2012). All patients had been tracheotomized in intensive care units (ICU) for the purpose of mechanical ventilation and had been successfully weaned from ventilation before admission to the rehabilitation clinic.
The following routinely collected data were analyzed retrospectively: age, gender, indication for mechanical ventilation (e.g., neurologic, cardiologic, respiratory, or gastro-intestinal disease), any complications experienced during weaning from tracheotomy tube (e. g., pneumonia), relevant comorbidities (e.g., cardiovascular disease, addiction, cerebral disease, chronic obstructive pulmonary disease, cancer), body mass index, tracheotomy technique (dilatational vs. surgical), and duration of mechanical ventilation. Nursing care dependency according to the Early Rehabilitation Barthel Index [15] and alertness/ responsiveness as measured by the Coma Remission Scale [16] were determined at the beginning of rehabilitation. In addition, duration of decannulation process and status at discharge (decannulated vs. nondecannulated) were recorded. Furthermore, at admission all patients underwent a routine endoscopic tracheoscopy to assess the degree of aspiration using a scale 0-4 (no aspiration to severe aspiration) and their ability to manage respiratory secretions and complications such as tracheal stenosis, tracheomalacia, laryngeal edema, or granulation.
Procedures
All patients lived in the Berlin-Brandenburg area of Germany. Due to critical illnesses, listed in Table  1 , they were admitted to the ICU. After weaning from mechanical ventilation and stabilization of vital functions, they were transferred to a rehabilitation clinic. Here an interdisciplinary team approach was employed to preserve and improve basic abilities such as eating, speaking, and moving.
Tracheotomized patients were weaned from tracheotomy tubes foll owing a clinical decannulation algorithm with progressive cuff deflation in combination with the use of a speaking valve [17] . The speaking valve should enable laryngo-pharyngeal sensibility due to a physiological airstream and a progressive duration of tube occlusion (see Fig. 1 ).
After endoscopic evaluation of aspiration and potential complications, the decannulation procedure was initiated with 15-30 minutes of cuff deflation. In case of tolerance (i.e. sufficient respiration), deflation time was progressively increased each day until it reached 24 hours. If this procedure could be conducted without complications such as acute pulmonary infection, vegetative stress, or excessive problems in managing secretions, patients were switched to a cuffless tracheotomy tube, and progressive tube occlusion was started, again beginning with 15-30 minutes and gradually increasing to 24 hours. Patients were decannulated when they tolerated tube occlusion over a period of 24 hours, had a low aspiration risk (degree 0-1 on the aspiration scale), and were able to manage their secretions. Successful decannulation was defined as the absence of complications two weeks after removal of the tube and no respiratory abnormalities.
Statistical analysis
Continuous variables were calculated as the mean ± standard deviation; categorical variables were analyzed as counts and percentages. For determining predictors, a multiple binary logistic regression model with backward elimination was applied. In addition to the two groups of 'status at discharge' (decannulated and nondecannulated), the variables age, gender, indication for mechanical ventilation, complications (no complications vs. pneumonia or other complications), number of comorbidities, tracheotomy technique (dilatational vs. surgical), multiple cerebral disease, and the level of alertness and the degree of aspiration at admission were considered in the model. A p-value < 0.05 was defined as statistically significant.
Results
Of a total of 150 patients (mean age: 65.5 ± 12.9 years; age range: 23-85; gender: 66% men), 103 (68.7%) were successfully decannulated (meaning that they had no respiratory events during the following two weeks). In 47 patients (31.3%), the tracheal tube could not be removed; 15 of these 47 patients (10%) died during rehabilitation but not in connection to the decannulation procedure. The decannulation failure rate was 0%, meaning no recannulation was necessary during the first two weeks after decannulation.
Only 44% of decannulated patients experienced complications during the decannulation process compared with 87% of nondecannulated patients. In the nondecannulated group, the most frequent complication was pneumonia (n = 22), followed by retention of secretions (n = 8) and tracheomalacia (n = 6). Seventysix percent of patients with dilatational tracheotomies were decannulated, in contrast to only 61% of those with surgical tracheotomies Decannulated patients had a mean of 16.9 points in Coma Remission Scale (CRS) at the onset (SD = 6.56 points), nondecannulated a mean of 12.8 points in CRS at the onset (SD = 7.5 points). Further details on patient characteristics are summarized in Tab. 1.
The bivariate regression model explained 43% of the variance. Dilatational tracheotomies had a higher success rate of decannulation (OR 2.38, 95% CI 0.99-5.73; p = 0.054) than did surgical tracheotomies. In contrast, pneumonia and other complications such as retention of secretions, tracheomalacia, atelectasis, laryngeal edema, stenosis, and granulation during the decannulation period (respectively OR 0.05, 95% CI 0.02-0.19; p = 0.000 and OR 0.18, 95% CI 0.06-0.53; p = 0.002) were associated with a worse prognosis for decannulation. Male gender (OR 0.34, 95% CI 0.13-0.90; p = 0.031) and an increasing number of comorbidities were also negative predictors. One additional comorbidity reduced the likelihood of a successful decannulation by 26%, p = 0.043. Alertness and responsiveness at the beginning of rehabilitation had an influence; each additional point on the CRS improved the probability of successful decannulation by 7.9%; p = 0.014 (see Fig. 2 ). In the multidimensional analysis, factors that did not have any predictive value for the success of decannulation were age, indication for mechanical ventilation, duration of intubation, multiple cerebral diseases, and the degree of aspiration at admission. Significance values for group differences were calculated with two tailed t test and chi-squared test, respectively. MV = mechanical ventilation; CRS = coma remission scale; ERBI = early rehabilitation Barthel index; BMI = body mass index; CPR = cardiopulmonary resuscitation; SAH = subarachnoidal haemorrhage; ICH = intracerebal haemorrhage; CIP = critical illness polyneuropathy; COPD = chronic obstructive pulmonary disease
Tab. 1. Patients characteristic for the total sample and decannulated/nondecannulated group
Discussion
In the study, data of 150 patients requiring a tracheotomy due to mechanical ventilation were analyzed. The diagnoses upon admission and comorbidities of this study population (see Tab. 1) were similar to those in other investigations [6, 11, 14, 18] . The analyses identified complications during decannulation procedure, alertness, gender, number of comorbidities, and tracheotomy technique as predictors for decannulation status at discharge.
Complications
The most important factor for decannulation failure was a complication at the beginning or during the decannulation process. Any complication had an impact on decannulation success. The most serious was pneumonia, which can be caused by aspiration [19] , bacterial colonization after tracheotomy [20] , or the tracheotomy tube itself [21] . A tube can affect efficiency of deglutition due to altered subglottic pressure [5, 22] , an effect that could be weakened with cuff deflation and the use of a speaking valve to establish a physiological airstream. Furthermore, other complications such as retention of secretions, tracheomalacia, atelectasis, laryngeal edema, stenosis, and granulation were important as they cause respiratory problems. Most of these complications were detected at the day of admission by endoscopic tracheoscopy.
Alertness
A further predictor of decannulation success was patients' level of alertness at the beginning of rehabilitation as measured by the CRS, including vigilance, responsiveness, and ability to cooperate. Patients who were decannulated had a higher CRS-score at the beginning of rehabilitation. Other studies which investigated alertness as a predictor provided controversial results. In two studies there was no significant correlation between alertness and decannulation success [18, 23] .
In general, alertness is difficult to operationalize. Assessments such as the Glasgow Coma Scale and the CRS both quantify alertness, awareness and consciousness on the basis of patient's verbal and motor reactions. In critically ill patients, those with neurologic, cardiologic or other severe diseases, such reactions may be affected by peripheral or central paresis, disorientation, delirium or reduced comprehension of instructions. Nevertheless, alertness can influence functional outcome [24] , for instance, the ability to manage secretions effectively (e.g., to cough), which is an important prerequisite for decannulation.
Gender
The negative association with male sex was unexpected, because in some studies males had had better functional outcomes [25] [26] or more successful decannulations after tracheotomies due to mechanical ventilation [11] . In the current study, only 61% of males but 84% of females were decannulated. On the other hand, more patients in this study were male (66%) than female (34%), which could create a bias.
Number of comorbidities
In this study, comorbidities were defined as preexisting diseases at the starting point of the decannulation procedure in the rehabilitation clinic. Critical illness polyneuropathy and sepsis were subsumed under comorbidities, because they were prior conditions and did not occur during the decannulation procedure itself. Patients with less comorbidity had more favorable conditions for successful decannulation. Nondecannulated patients had 4.47 (± 1.86) comorbidities on average, decannulated 3.79 (± 1.57). Multiple diseases are highly correlated with the reduced capacity to resist toward all forms of biological damage [27] . In the current study, all patients were multimorbid, and it seems clear that comorbidities limited their outcome. However, it was not possible to detect which comorbidities most influenced decannulation. 
Tracheotomy technique
Patients with a dilatational tracheotomy tended to have a higher probability of successful decannulation than patients with a surgical tracheotomy. This is no surprise because numerous studies show that fewer complications occur in dilatational tracheotomies than in surgical tracheotomies, e.g., fewer postoperative stoma infections and less frequent peristomal bleeding [28] [29] [30] [31] . In addition, long-term complications may be more frequent in surgical tracheotomies. For example, the incidence of tracheal stenosis is 5% in surgical tracheotomies [32] compared with 0-4% in dilatational tracheotomies [33] . The present study adds to the knowledge about successful decannulation by clarifying that the reason patients with dilatational tracheotomies had a better decannulation prognosis than patients with surgical tracheotomies may be due to fewer long-term complications. However, other studies show that there is no significant difference between dilatational and surgical tracheotomies concerning mortality [34] and incidence of pneumonia [30] . Thus, the reason for a better decannulation outcome in patients with dilatational tracheotomies deserves further consideration. Unfortunately, the choice for a given tracheotomy technique was unknown and was probably rather related to the preferred technique of the attending physician in the ICU than to a specific indication of the patient. However, the result of the multivariate analysis was not statistically significant for tracheotomy technique.
In summary, predictors of successful decannulation were found, and many of these predictors can be assessed during the first day in the rehabilitation ward. Hopefully, this knowledge can lead to a more targeted decannulation process.
The present study has several limitations. Because of the unicentric design, treatment and clinical practice concerning the decannulation process may not generalizable. Counts of variables in the multidimensional analysis were limited due to the number of cases. Therefore it was not possible to weight the dimension of a specified comorbidity on the decannulation process. The same statement is true for specific complications except pneumonia, because other complications were unsufficient for a statistical analysis. In addition, important data from the ICU, e.g., respiratory pressure or the decision-making for dilatational or surgical tracheotomy technique were not available. Therefore, the impact of complications during the patients' length of stay in the ICU on successful decannulation could not be estimated. Furthermore, the retrospective design of the study has resulted in several deficiencies and highlights the need for a multicentric investigation that includes ventilator-assisted patients at the time of tracheotomy.
Conclusions
In summary, the current study demonstrated that conclusive predictors for a successful decannulation can be determine from clinical routine data. Except for complications during decannulation time-span all predictors can be assessed at admission. Hence a prediction of decannulation success is possible very early in clinical course.
